SUMMARY Hypertrophic cardiomyopathy (HCM) or idiopathic hypertrophic subaortic stenosis (IHSS) has been defined as an autosomal dominant myocardial disease characterized by specific physical findings, echocardiographic features, asymmetric septal hypertrophy and disordered myocardial architecture. Echocardiographic and scintiphotographic studies failed to reveal evidence of asymmetric septal hypertrophy in four patients with systolic anterior movement of the mitral valve and the typical auscultatory and HYPERTROPHIC CARDIOMYOPATHY (HCM) or idiopathic hypertrophic subaortic stenosis (IHSS) has been defined by certain physical findings," 2 and characteristic hemodynamic," 2 angiographicl'3 and pathologic abnormalities.1' 2, 4-7 Echocardiography provides a valuable noninvasive means of recognizing HCM and, in many institutions, has replaced catheterization as a means of confirming clinical diagnoses. Major echocardiographic features of HCM include abnormal thickness8" of the interventricular septum which is asymmetrically hypertrophied relative to the left ventricular free wall,9-1" systolic anterior movement of the mitral valve'2, '3 and reduction of systolic septal thickening and amplitude of systolic septal excursion.8 Myocardial imaging with a radioactive tracer, thallium 201,'4 has also demonstrated the presence of disproportionate septal thickness and appears to be an additional noninvasive means of diagnosing HCM, particularly when adequate echocardiographic definition of the interventricular septum is not feasible technically.
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A unified concept of hypertrophic cardiomyopathy as an autosomal dominant myocardial disease characterized by asymmetric septal hypertrophy and disordered myocardial architecture has been proposed.2'" This paper reports four patients with typical physical findings of HCM and echocardiographic documentation of systolic anterior movement of the mitral valve in whom a combination of echocardiographic and scintiphotographic studies and, in one instance, postmortem examination failed to demonstrate asymmetric septal hypertrophy. Systolic anterior movement of the mitral valve and the auscultatory and peripheral pulse abnormalities characteristic of HCM do not therefore appear to be specific for the autosomal dominant myocardial dis-peripheral pulse abnormalities characteristic of HCM. Postmortem examination in one patient demonstrated mild concentric left ventricular hypertrophy and a normal arrangement of myocardial muscle fibers. These observations in four patients demonstrate that both systolic anterior movement of the mitral valve and the physical findings characteristic of HCM are not specific for the autosomal dominant myocardial disease characterized by asymmetric septal hypertrophy and abnormal septal histology.
ease characterized by asymmetric septal hypertrophy and abnormal septal histology.
Materials and Methods

Echocardiographic Studies
The echocardiographic examinations were performed with a Smith-Kline Ekoline 20 A Ultrasonoscope using a 0.5 inch diameter, 2.25 MHz transducer focused at 7.5 cm. The echocardiograms were recorded on a Cambridge strip chart recorder or Honeywell direct writing recorder (patient 3). Standard techniques were employed to record tracings from the anterior and posterior mitral leaflets and from the septum and posterior wall just below the mitral leaflets. Systolic and end-diastolic cavity dimensions and septal and posterior wall thicknesses were measured at this level,"5 and the ratio of end-diastolic septal to posterior wall thickness calculated. In addition to end-diastolic measurements in the dimensional area, other measurements were obtained according to the methods employed by Henry et al. 6 Wall thickness measurements were made simultaneously with the electrocardiographic P wave, prior to the left ventricular wall thinning observed with atrial systole. The septum was measured in the area of the left ventricle below the mitral leaflets and the left ventricular posterior wall was measured at the level of the posterior mitral valve leaflet. A ratio of septal to posterior wall thickness was calculated based on measurements in those areas. Systolic septal excursion and percent thickening were measured by methods described previously.8 Ejection fraction was determined from the echocardiographic systolic and end-diastolic dimensions. Phonocardiograms16 were performed using Leatham A 60-year-old white male was referred for echocardiographic examination to evaluate an intermittent systolic murnmur of 21/2 years duration which had increased in intensity two months previously. He had had mild hypertension for 15 years. There was no history of angina pectoris or symptoms of congestive failure or syncope. The family history was negative for cardiac disease or sudden death. The physical examination revealed a blood pressure of 160/90. The carotid upstroke was brisk and bifid. A nonsustained left ventricular heave and systolic thrill were palpable 2 cm to the left of the midclavicular line in the fifth intercostal space. The first sound was of normal intensity. S2 was not audibly split and an S4 sound was noted at the apex. 2 4 Jfurth heart sound, tricular cavity was normal to small in size, and left ventricular myocardium showed mild concentric hypertrophy, with both the left ventricular free wall and the interventricular septum measuring up to 1.6 cm. Examination of multiple transverse and longitudinal sections of the heart showed no evidence of asymmetry of septum and free wall ( fig. 7) Echocardiographic examination, performed at a time when the systolic murmur was grade IV, revealed anterior movement of the mitral valve to abut the septum in systole ( fig. 8 ). End-diastolic septal and posterior wall thicknesses were both 1.1 cm ( fig. 8 ), resulting in a septal to posterior wall thickness ratio of 1.0. The ratio of septum (1.3 cm) to left ventricular posterobasal wall (1.1 cm) was 1.2. Systolic septal excursion was 1 cm and percent systolic septal thickening was 64%. Left ventricular cavity dimensions were 3.4 cm in diastole and 2.0 cm in systole, resulting in a calculated ejection fraction of 80%. The aortic valve echo showed a mid-systolic closing movement, followed by reopening of the valve leaflets, a pattern previously described in patients with hypertrophic cardiomyopathy."
The patient had repeat echocardiography performed at a time when her murmur was grade I to 2 in intensity and her peripheral cuff blood pressure was 105/70 mm Hg. The left ventricular cavity dimensions were larger. 4.6 cm in diastole and 2.6 cm in systole, but the calculated ejection fraction was still 81%. Systolic anterior movement of the mitral valve and mid systolic closure of the aortic valve were not demonstrated. Scintiphotographic studies were not obtained since the patient refused further medical assessment.
Discussion
The physical findings,' 2 including their changes with provocative maneuvers, the systolic anterior movement of the mitral valve to approximate the interventricular septum,'2 13 and the increased ejection fractions'0 21 seen in our four patients are characteristic of the primary myocardial disease known as hypertrophic cardiomyopathy or idiopathic hypertrophic subaortic stenosis. The patients, however, are atypical in several respects. First, they lack asymmetric septal hypertrophy, the abnormality considered by some investigators to be the major diagnostic criterion for the disease,9,"," and the sign now used by some investigators as a genetic marker for HCM.1" 21 The absence of both asymmetric septal hypertrophy and abnormal thickness of the interventricular septum was documented by echocardiographic definition of the septum and posterior wall in three patients, by radionuclide imaging with thallium 201 in three patients and by postmortem examination of the heart in one patient. Second, the septum was not hypokinetic, as demonstrated by echocardiographic studies in the three patients in whom the septum was well defined. Percent systolic thickening of the interventricular septum was normal, in contrast to the decreased values of 0-22% previously described for some patients with HCM.8 The amplitudes of left septal excursion in the three patients with technically adequate echocardiograms were within the previously reported normal range of 5-10 mm. 8 Third, a normal arrangement of muscle fibers was present in the ventricular septum of the autopsied patient, in contrast to the dis- ordered myocardial architecture which has been described for patients with hypertrophic cardiomyopathy.4' ' 7,11 In the autopsied patient, however, an area of endocardial fibrosis was present in the left ventricular outflow tract opposite the anterior leaflet of the mitral valve. Similar endocardial plaques have frequently been described in pathologic studies of patients with hypertrophic cardiomyopathy2' 5 22 and are thought to result from recurrent contact of the anterior mitral leaflet with the upper interventricular septum. 2' 22 The patients demonstrated both increased ejection fractions and systolic anterior movement of the mitral valve. It is possible that hyperkinetic left ventricular wall movement, which leads to rapid ventricular ejection, may create a Venturi effect resulting in forward systolic movement of the mitral valve, as has previously been suggested.23 That increased contractility, particularly in the setting of a small left ventricular cavity, may result in systolic anterior movement of the mitral valve and a systolic murmur is suggested by a case recently reported from our institution.24 A 70-yearold woman with sepsis and acute gastrointestinal bleeding developed a new systolic murmur, associated with echocardiographic evidence of systolic anterior movement of the mitral valve, when given intravenous pressor therapy for hypotension. Postmortem examination revealed normal cardiac valves, normal thicknesses of the septal and left ventricular free walls and normal septal histology. It is likely that hypovolemia and changes in myocardial contractility induced by pressor therapy were of major importance in the generation of her abnormal mitral valve movement and the murmur. One of our patients (case 4) demonstrated, on repeated examinations, a remarkable variability in her physical signs and echocardiographic abnormalities, despite the absence of intervening changes in symptomatology, drug therapy, or apparent changes in fluid balance. It is of interest that the cardiac murmur and abnormal mitral valve movement were present when the left ventricular cavity was small but were not present when the cavity size was larger. We speculate that unrecognized endogenous physiologic mechanisms caused changes in intravascular volume and/or cardiac contractility which, in turn, were responsible for the changes in her physical signs and echocardiogram. The other three patients reported above, however, continued to have the typical murmurs and carotid pulse abnormalities on repeated follow-up examinations, suggesting the possibility of a continued hypercontractile state.
The patients reported in this study demonstrate that a thickened, asymmetrically hypertrophied and hypokinetic septum is not a prerequisite for the presence of systolic anterior movement of the mitral valve or for the typical auscultatory and peripheral pulse abnormalities characteristic of hypertrophic cardiomyopathy. Our studies are supported by previous observations that the clinical syndrome of HCM can occur in the absence of asymmetric septal hypertrophy.5, 6, 22, 2527 We propose that certain clinical features of hypertrophic cardiomyopathy, including the characteristic physical findings and systolic anterior movement of the mitral valve, may result from a heterogeneous group of disorders in which hypercontractile cardiac action is the common finding and in which a wide spectrum of wall thicknesses from normal to grossly hypertrophic may be found. This group of disorders would include not only those patients with the primary myocardial disease hypertrophic cardiomyopathy, characterized by asymmetric septal hypertrophy and disordered myocardial architecture, but also those patients with hypercontractile hearts who lack both asymmetric septal hypertrophy and bizarre septal histology. It is possible that the latter group of patients may represent an early phase of hypertrophic disease and that they will later develop the more typical findings of hypertrophic cardiomyopathy. It is also possible that longstanding hypercontractility per se may stimulate the development of asymmetric hypertrophy and abnormalities of myocardial architecture. It is noteworthy that each of the four patients reported here had evidence of mild, symmetric left ventricular hypertrophy. In two of these antecedent hypertension may have been responsible, but there was no obvious cause in the other two. Whether ventricular hypertrophy is the cause of or result of hypercontractility in these patients is uncertain. The noninvasive techniques of phonocardiography, external pulse recording, echocardiography, and scintiphotography enable early recognition of this group of patients, many of whom may be asymptomatic and therefore not routinely subjected to more invasive investigative techniques. Periodic re-examination may clarify whether these patients will progress to typical hypertrophic cardiomyopathy or whether they will remain a separate subgroup, varying in their symptomatology, prognosis, and necessity for and response to therapeutic interventions. THE EVOLUTION OF THE VENTRICULAR SEPTAL DEFECT (VSD) in the first years of life has been the focus of several studies. These have shown that large septal defects are particularly serious during the early years but that spontaneous closure occurs in about one third of all cases.'-5
The development of patients who are older than one year and affected by VSD has not been studied extensively.6' One is generally astonished by the frequency of VSDs noticed at birth (about two out of 1000 living children) and even at school age (one out of 1000 children) and the rare observation of this abnormality in adults.8-" Late mortality, the possibility of late closure, or transformation into cyanotic diseases (tetralogy of Fallot or the Eisenmenger complex) have been offered as explanations."2 13 In addi-tion, a certain number of patients affected by VSD and free of all symptoms may not be recognized or may avoid seeing physicians, and thus escape medical statistics. 3 This study endeavors to give further information about this late evolution. A relatively older population (469 subjects out of 790 were more than four years old when they entered the study) was followed by the same medical team for a long period. 
